The presence of a human T-cell lymphotropic virus (HTLV)-related endogenous sequence, HRES-1, in the human genome has been documented. The HRES-1 genomic locus is transcriptionally active and contains open reading frames. Antibodies 232 and 233, specific for synthetic peptides pepl4-24 and pepll7-127, corresponding to two nonoverlapping HTLV-related regions in the longer open reading frame of HRES-1, recognize an identical 28-kDa protein in H9 human T cells. Thus, HRES-1 is a human endogenous retroviral sequence capable of protein expression. HRES-l/p28 is localized to the cytoplasm and nuclear bodies. While HTLV-I-specific antibodies react with HRES-1 peptides, antibody 233 crossreacts with HTLV
quence capable of protein expression. HRES-l/p28 is localized to the cytoplasm and nuclear bodies. While HTLV-I-specific antibodies react with HRES-1 peptides, antibody 233 crossreacts with HTLV-I gag p24 protein. Three consecutive highly charged amino acid residues, Arg-Arg-Glu, present in both HRES-1 pep117-127 and HTLV-I gag p24 are likely to be the core of cross-reactive epitopes. The prevalence of antibodies to HRES-1 peptides pep14-24 and pep117-127 was determined in 65 normal blood donors and 146 patients with immunological disorders. Sera of patients with multiple sclerosis (19 out of 65, 29%), progressive systemic sclerosis (4 out of 17, 23%), systemic lupus erythematosus (4 out of 19, 21%), and Sjogren syndrome (2 out of 19, 10%) contained significantly higher HRES-1 peptide binding activity than sera of normal donors. Sera of patients with AIDS showed no specific binding to HRES-1 peptides. Nine of 30 HRES-1-seropositive patients showed immunoreactivity to HTLV-I gag p24. The data indicate that HRES-l/p28 may serve as an autoantigen eliciting autoantibodies cross-reactive with HTLV-I gag antigens.
The possibility of a retroviral etiology has long been raised for a number of immunological disorders (1, 2) . Several autoantigens such as U1 small nuclear ribonucleoprotein (3), topoisomerase I (4), and SS-B/La (5) share cross-reactive epitopes with murine retroviral gag proteins. None of these autoantigens show amino acid sequence homology with known human retroviruses. Antibodies reacting with gag proteins ofhuman T-cell lymphotropic virus I (HTLV-I) were described in patients with systemic lupus erythematosus (SLE) (6) and multiple sclerosis (MS) (7) (8) (9) . However, the presence of HTLV-I, HTLV-II, or related exogenous retroviruses could not be conclusively associated with these diseases (10) (11) (12) (13) . This raised the possibility that the natural targets of HTLV-I-reactive antibodies of patients with autoimmune disease may correspond to endogenous retroviral sequences (ERSs).
ERSs are considered a major factor in shaping and reorganization of the eukaryotic genome (14) . Whereas exogenous retroviruses are infectious, with a replication cycle that requires integration of proviral DNA into host cell DNA, ERSs are transmitted genetically in a classical Mendelian fashion through the germ line as proviral DNA. The normal human genome contains a complex variety of ERSs. These human ERSs were isolated by low-stringency hybridization to known mammalian ERSs (15) (16) (17) (18) , by hybridization to the 3' terminus of tRNAs (19, 20) , or during analyses of flanking regions of other genes (21, 22) . To date, none of these ERSs has been shown to encode a protein, and they have not been implicated in human disease.
We have earlier documented the presence of a human T-cell lymphotropic virus type I (HTLV-I)-related endogenous sequence, termed HRES-1 (GenBank accession no. X16514), in the human genome (23) . The HRES-1 locus is transcriptionally active and contains open reading frames (ORFs). Flanking region 5' to the ORFs contains a TATA box, a polyadenylylation signal, a potential tRNA primer binding site, and characteristic inverted repeat sequences at locations that are typical of a retroviral long terminal repeat (23) . Hybridization analysis with genomic DNA samples of selected phylogenetic stages revealed that HRES-1 is apparently confined to the primate lineage. The data suggest that the HRES-1 sequence was not phylogenetically inherited but entered the genome of Old World monkeys as an exogenous element, and the human genomic HRES-1 sequence might have originated from an as yet unidentified exogenous retrovirus. HRES-1 is represented as a single-copy element per haploid genome, which has now been mapped to a common fragile site ofchromosome 1 at 1q42 (24) . The present data suggest that HRES-1 is capable of protein expression. HRES-1 protein contains antigenic epitopes cross-reactive with gag of HTLV-I. Antibodies to HRES-1-specific synthetic peptides were noted in patients with MS, progressive systemic sclerosis (PSS), SLE, Sjogren syndrome (SJS), and essential cryoglobulinemia (ECG). The data suggest that HRES-1 may serve as an autoantigen and correspond to a natural target ofHTLV-I core protein-reactive autoantibodies.
MATERIALS AND METHODS
Peptides. HRES-1-specific 11-amino-acid-long peptides, pepl4-24 (PTRAPSGPRPP) and pepll7-127 (RRREGP-DRSPR) were synthesized based on antigenicity and hydrophobicity analysis as well as relatedness to HTLV-I (23 (25) . Sera from 65 normal blood donors were used as negative controls. As HTLV-I-specific antibodies, sera of 5 adult T-cell leukemia patients and a rabbit antibody raised against HTLV-I virion lysate were utilized. HRES-1 peptide-specific rabbit antisera 232 and 233 were generated by immunization with keyhole limpet hemocyaninconjugated peptides pepl4-24 and pepll7-127, respectively. Antibody (Ab) 1260 (HTLV-I gag p19-, p29-, p33-, and p53-specific monoclonal antibody, which does not react with native or recombinant gag p24) was obtained from Genzyme.
Preparation of HTLV-I Antigens. HTLV-I-infected SLB-I cells (kindly provided by Irvin Chen, University of California, Los Angeles) were centrifuged at 1000 x g for 10 min at 40C.
Supernatants were filtered through a 0.2-1Am filter, and virions were purified by ultracentrifugation in a 20-50%o continuous sucrose gradient (26,000 x g, 4 hr, 4°C). Virions were lysed in SDS/PAGE sample buffer, separated in a 12% polyacrylamide gel, and electroblotted to nitrocellulose (25) . The virion lysate was essentially free of cellular proteins as controlled by the absence of HRES-1/p28 and lack of detectability of a highly abundant cytoplasmic protein, HRES-2. HTLV-I gag p24 lacking its N-terminal 14 amino acids was expressed in Escherichia coli. Recombinant protein was gel purified, reelectrophoresed in SDS/PAGE, and electroblotted to nitrocellulose (26) . Antibodies to HTLV-I proteins were studied by Western blot analysis. As HTLV-I negative cells, the H9 human leukemic T-cell line was utilized. H9/1 and H9/2 are subclones of H9 cells originating from Robert Gallo's laboratory (National Institutes of Health).
Western Blot Analysis. Protein lysates from 2 x 105 cells per well were separated by SDS/PAGE and electroblotted to nitrocellulose (26) . For testing of human sera, nitrocellulose strips were incubated in 100 mM Tris, pH 7.5/0.9o NaCI/ 0.1% Tween 20/5% skim milk, with serum samples at a 100-fold dilution overnight at room temperature. After washing, the strips were incubated with biotinylated goat antihuman serum and, subsequently, with horseradish peroxidase-conjugated avidin (The Jackson Laboratory). For primary rabbit antibodies, after washing, the blots were further incubated with horseradish peroxidase-conjugated goat antirabbit IgG. In between incubations, the strips were vigorously washed in 0.1% Tween 20/100 mM Tris, pH 7.5/0.9%o NaCl. For the primary mouse antibody, after washing, the blot was further incubated with biotinylated goat anti-mouse IgG and subsequently with horseradish peroxidaseconjugated avidin. Blots were developed with a substrate comprised of 4-chloronaphthol at 1 mg/ml and 0.003% hydrogen peroxide.
Confocal Laser Snning Microscopy. Cells were permeabilized by treatment with 90o methanol in phosphate-buffered saline (PBS) for 15 min at -20°C. Subsequently, all incubations and washing were done in PBS containing 0.002% Triton X-100. Cells were incubated at 370C with rabbit antibodies at a 1:100 dilution. After washing, cells were 
RESULTS
Two HRES-1-specific 11-amino-acid-long peptides were synthesized. They correspond to the two nonoverlapping HTLV-related regions of the HRES-1 p25 ORF, residues [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] (pepl4-24) and residues 117-127 (pepll7-127) (23) .
Rabbit antisera, Ab 232 and Ab 233, were raised against the two synthetic peptides. Abs 232 and 233 were found to be highly specific for their respective peptide antigens (Table 1) . By Western blot analysis both antibodies recognize a protein of identical molecular mass in the H9 human T-cell leukemia cell line (Fig. 1) . The size of this protein is =28 kDa. This is in agreement with the calculated molecular weight of the HRES-1 protein, 28 ,341.36, based on its amino acid composition. HRES-1/p25 was formerly designated based on the length of the ORF in the DNA sequence (23) . To our knowledge, HRES-1 is the first human ERS shown to be capable of protein expression.
Expression of HRES-1/p28 appears to be cell type-specific (Fig. 2) . High-level HRES-1 expression was noted in H9 T cells, whereas no significant staining of DG75 Burkitt lymphoma B cells was noted (Fig. 2C) . Expression of HRES-1/ p28 is localized to the cytoplasm and to nuclear bodies in H9 cells. Localization of staining to intranuclear bodies was confirmed by computerized imaging at various intracellular depths ( Fig. 2 A and B) . As a control, H9 cells were stained with Ab 169, which is specific for an intracytoplasmic protein encoded by another human ERS, HRES-2 (K.B. and A.P., unpublished data) (Fig. 2D) .
To determine if HRES-1 peptides contain antigenic epitopes cross-reactive with HTLV-I proteins, the reactivity of HTLV-I antibodies to HRES-1 peptides was evaluated. As shown in Table 2 , anti-HTLV-I rabbit antibody and serum of an HTLV-I-infected adult T-cell leukemia patient react with both HRES-1 peptides. On the other hand, Ab 233, specific for the HTLV-I gag p24-related region of HRES-1, showed strong reactivity with HTLV-I gag p24 and the 53-kDa gag precursor protein (Fig. 3) . Ab 232 showed reactivity to the p53, whereas no binding to HTLV-I gag p19 was noted (Fig. 3) . Three consecutive highly charged amino acid residues, Arg-Arg-Glu, present in both HRES-1 pepll7-127 and HTLV-I gag p24 (23) , are likely to be responsible for the cross-reactivity. Sera of 11 patients with immunological disorders including 9 with MS, 1 with ECG, and 1 with SLE showed immunoreactivity to recombinant HTLV-I gag p24 protein (data not shown). Prototype HTLV-I antibody activity against HTLV-I virion lysates by Western blot analysis and HTLV-I DNA were absent in these patients (17) . Nine of these patients demonstrated A B specific binding to both of the HRES-1 peptides ( Table 2 ). The data indicate that the natural target of HTLV-I-reactive antibodies in sera of patients with immunological disorders may correspond to HRES-1, a self-antigen harboring epitopes cross-reactive with HTLV-I gag protein.
The prevalence of antibodies to HRES-1 peptides pepl4-24 and pepll7-127 was studied in sera of 65 normal blood donors and 146 patients with immunological disorders. A significant correlation of anti-pepl4-24 and anti-pepll7-127 activities was observed throughout the donor population examined-that is, donors with high pepl4-24 binding also showed high pepll7-127 binding and donors with low pepl4-24 binding showed low pepll7-127 binding as well. No correlation was found between HRES-1 peptide binding and immunoglobulin concentrations in the sera of 7 patients and 4 control donors (data not shown). Sera of groups of patients with MS, PSS, SLE, and SJS contained significantly higher HRES-1 peptide binding activity than sera of normal donors ( Table 3) . Sera of patients with ECG and AIDS showed no higher binding activities to HRES-1 peptides than sera of normal donors (Table 3 ). A cut-off level used to determine individual seropositivity was calculated as the mean plus two standard deviations of normals. The cut-off level in the ELISA was 0.599 for pepl4-24 and 0.551 for pepll7-127. Donors were considered HRES-1 seropositive if the sera contained antibody activity against both of the HRES-1 peptides. Thus, 29% of patients with MS, 23% of patients with PSS, 21% of patients with SLE, 10% of patients with SJS, 5% of patients with ECG, none of the patients with AIDS, and 1.5% of normal donors were considered HRES-1 seropositive (Table 4) .
DISCUSSION
Unlike murine and baboon endogenous proviruses, human ERSs were not known to produce infectious retroviral particles or even retroviral proteins. Transcription of long terminal repeat-like and env-like regions of a full-length human ERS, 4-1, was detected in human placenta, breast, and colon carcinoma cells (27) . Since sequences of cDNA clones corresponding to the mRNA species revealed in-frame termination codons, 4-1 could not encode env proteins. In contrast, HRES-1, which is transcribed in various human tissues and cell lines, does contain ORFs. As described earlier, within the deduced amino acid sequence of HRES-1/p25, residues 6-36 and residues 104-139 show a significant homology to Expression of HRES-1/p28 appears to be cell type specific. A high level of HRES-1 expression was noted in H9 cells, whereas no significant staining of DG75 Burkitt lymphoma cells was noted. HRES-1/p28 was demonstrated in several lymphoblastoid T-cell lines, normal peripheral blood T cells, and in normal brain and liver by Western blot analysis and in cutaneous T-cell lymphoma tissues by immunohistochemistry using the 28-kDa band-specific Ab 232. Expression of HRES-1/p28 is localized to the cytoplasm and to nuclear bodies, possibly nucleoli, in H9 cells. On the basis of confocal immunofluorescence microscopy and flow cytometry, HRES-1/p28 is not expressed on the cell surface. Intracellular location renders HRES-1 relatively unexposed to the immune system, which is characteristic of human autoantigens (25) .
Reactivity of HTLV-I antibodies to HRES-1 peptides confirmed that HRES-1 and HTLV-I contain cross-reactive antigenic epitopes. Ab 233, specific for HRES-1 peptide pepll7-127, showed strong reactivity with HTLV-I gag p24. Ab 232 showed reactivity to the p53, whereas no binding to HTLV-I gag p19 was noted (Fig. 3) . This suggests that HRES-1 and HTLV-I gag p19 may not contain strong cross-reactive epitopes or that peptides longer than pepl4-24 or a recombinant HRES-1 protein may be needed to raise an antiserum of higher affinity to HTLV-I gag p19. Three consecutive highly charged amino acid residues, Arg-Arg-Glu, present in both HRES-1 pepll7-127 and HTLV-I gag p24 (23) are likely to be responsible for the cross-reactivity. Sera of 11 patients with immunological disorders including 9 with MS, 1 with ECG, and 1 with SLE showed immunoreactivity to recombinant HTLV-I gag p24 protein (data not shown). This is in accordance with earlier data showing similar frequency of HTLV-I gag p24-reactive antibodies in patients with MS (7) (8) (9) . Antibodies to all characteristic HTLV-I virion proteins, using Western blot analysis and prototype HTLV-I DNA based on polymerase chain reaction, were absent in these patients (10) (11) (12) (13) . However, 9 of the HTLV-I gag p24-reactive patients had antibodies to both of the HRES-1 peptides. The data indicate that the natural target of HTLV-I-reactive antibodies in sera of patients with immunological disorders may corre- The cut-off level in the ELISA was 0.599 for pepl4-24 and 0.551 for pepll7-127. Donors were considered HRES-1 seropositive if the sera contained antibody activity against both of the HRES-1 peptides.
spond to HRES-1, a self-antigen harboring epitopes crossreactive with HTLV-I gag protein.
The prevalence of antibodies to HRES-1 peptides pepl4-24 and pepll7-127 was determined in normal blood donors and patients with immunological disorders. Sera of patients with MS, PSS, SLE, and SJS contained significantly higher HRES-1 peptide binding activity than sera of normal donors. Sera of patients with ECG and AIDS showed no higher binding activity to HRES-1 peptides than sera of normal donors. This suggested that HRES-1 is an autoantigen for patients with the autoimmune diseases MS, PSS, SLE, and SJS. By contrast, patients with AIDS do not have HRES-1 antibodies. Twenty-nine percent of patients with MS, 23% of patients with PSS, 21% of patients with SLE, 10% of patients with SJS, 5% of patients with ECG, and none of the patients with AIDS were considered HRES-1 seropositive. One out of 65 (1.5%) normal blood donors was also HRES-1 seropositive. While HRES-1 seropositivity is most prevalent in patients with MS, it cannot be considered specific for this autoimmune disorder. Autoantibodies to Sm and La antigens are most prevalent in SLE and SJS, respectively (25) . La antibodies are not specific for SJS and can also be detected in other autoimmune diseases. Sm antibodies are specific for SLE; however, their prevalence is only 20-30%. This is similar to the prevalence of anti-HRES-1 reactivity in SLE.
There may be two possible mechanisms for generation of HRES-1-specific autoantibodies. First, molecular mimicrythat is, infection by an exogenous retrovirus with crossreactive epitopes-may trigger HRES-1 antibodies (29, 30) . Second, abnormal immunological presentation may lead to autoimmune response against HRES-1. Under normal conditions, intracellular antigens, like HRES-1, are not immunologically presented and may avoid generation of thymic tolerance (25) . Autologous proteins may trigger an immune response upon presentation in large quantities, usually accompanying extensive tissue destruction (31, 32) . Alternately, overexpression or mutation of HRES-1 may also lead to an aberrant immune response. Involvement of an ERS would explain both the familial aggregation (25) and the presence of antiretroviral protein antibodies in patients with MS and SLE (6) (7) (8) (9) .
HRES-1 has been mapped to a common fragile site of chromosome 1 at 1q42 (24) . This chromosomal localization is interesting in view of a 5-azacytidine-inducible common fragile site at 1q42 (33) . This 5-azacytidine inducible fragile site has shown an evolutionary conservation in man, gorilla, and chimpanzee (34) , similar to the appearance of HRES-1 in Old World monkeys (23) . Furthermore, 5-azacytidine is known to induce endogenous retroviral genes in chicken cells (35) . All these data suggest the potential involvement of HRES-1 in the fragility of 1q42. This possibility is particularly interesting in regard to an increased chromosomal fragility in patients with PSS and SLE (36, 37) and the presence of HRES-1 autoantibodies in this subset of autoimmune patients. Chromosomal instability at 1q42 may be associated with aberrant activation and generation of HRES-1 autoantibodies. Availability of recombinant DNA and antibody reagents will help in further elucidating the role of HRES-1 in autoimmune diseases. 
